Résumé. 2014 Des essais de compression à vitesse constante (03B5 ~ 6 x 10-5 s-1) ont 
corresponding metals are used in many high temperature applications in oxidizing atmosphère ; the oxidation rate is diffusion controlled provided the oxide scale does not break. To avoid fracture, interfacial stresses must be relieved by plastic deformation. It is then of considerable interest to study mechanical properties of transition metal oxides.
Nickel oxide has received little attention [1] , [2] , [3] , while cobaltous oxide CoO has been more extensively studied at high temperature (T &#x3E; 1000 °C i.e. T &#x3E; 0.6 TM) [3] [4] [5] [6] [7] [8] [9] . These two oxides appear to be similar with metal deficient nonstoichiometry, NaCI type crystal structure (lattice parameter 0.418 nm for NiO and 0.426 nm for CoO) and antiferromagnetic ordering at low temperature (TN = 525 K for NiO and 290 K for CoO). It is then interesting to compare their mechanical properties which should show similarities also with other ionic compounds (LiF, NaCI, Mg0).
However, CoO is a more complicated compound ;
it is not stable in air below 900 °C where it oxidizes [10] [11] giving a C0304 spinel phase ( Fig. 1) . [10] , [11] , [12] , [15] (1 atm ~ 105 Pa).
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/rphysap:01980001502027700 [14] , specific surface of 0.3 m'/g [13] and porosity between 25 % and 27 % [12] [16] . The sintered rod which feeds the melt, was obtained from high purity CoO powder (Johnson Matthey ; Si-7 ppM, Fe-2 ppM). The crystals were oriented using the back-reflection Laue X ray technique; they were cut along { 100 } faces, into compression specimens of approximately 2 x 2 x 5.5 mm3 ( ± 0.1 mm) [17] , before annealing in air at 1200 °C for at least two days. The aims of this annealing are to (i) dissolve any Co304 precipitate (ii) obtain a standard reference state for as-grown dislocation structure (iii) ensure nonstoichiometry equilibrium, as CoO is known to be a metal deficient oxide with singly ionized metal vacancies above 950 °C [15] . [18] . At high temperature (~ 1 000 OC) unstable yielding appears, with stress drops of about 7 % followed by a slow increase of stress as deformation proceeds. This instability disappears after repeated relaxations and after unloading followed by immediate reloading. Figure 3 shows the yield stress, the flow stress for 0.2 % strain and the work hardening rate for various temperatures. Above 900 OC, the drops of CoO strength is probably related to the phase transformation ( Fig. 1 (Fig. 3) , or with oxygen pressure changes between air and argon (Po2 '" atm) at about 775°C (Fig. 4) ; in both cases, the specimen is brought in and out of the Co304 phase field along constantpo2 or constant T lines (Fig. 1) . The results of the first kind of experiments are schematically reported on figure 3 where arrows show the thermal cycle. In the CoO phase field, plastic flow appears abruptly, after a yield drop for the first deformation (Fig. 2) . On the contrary, the stress strain curves show a gradual change from elastic to plastic behaviour for experiments after a while in Co304 conditions. No yield drop appears after several hours ageing in air at 700 °C, but the crystal slowly hardens with time. The values of the flow-stress measured between 1 000 and 700 °C fits with both low and high temperature ones (Fig. 3) .
The results of the second kind of experiments are shown in figure 4 . The strength of CoO slightly increases with decreasing oxygen pressure at 1130 °C in agreement with creep experiments [4] . The flow stress increases slightly when temperature decreases down to 786 °C i.e. in the stability conditions of CoO (Fig. 1) (Fig. 3) . Figure 6 shows the engineering yield stress normalized by the shear modulus J.1 VS figure 6 , the small anomaly visible on the Q-T curve (Fig. 3) . Figure 6 shows results for other extensively studied ionic compounds. For LiF, we plotted 6 values [21] using constant ,u = 0.41 x 10" Pa as for MgO [22] with p = 1.25 x 10" Pa. For NaCI, plotted data use ,u = 1/2(Ci l -C12) depending on temperature [23] .
CoO is the strongest material in figure 6 [22] ; activation volumes Y between 100 b3 and 400 b3 have been measured [24] where b is the dislocation Burgers vector.
In NaCI, the obstacles would be forest dislocations according to V between 400 b3 and 1 500 b3 [23] . Above the Néel temperature, obstacles to dislocation motion could be point defects or forest dislocations.
The yield stresses of CoO are very large, so are the work hardening rates 0 = du/de (Fig. 3) (Fig. 3) ; this increase disappears for 03B8/03BC2. The slip geometry suggests to look for a hardening mechanism similar to that of NaCI structure crystal [30] . Dislocations from the various slip planes intersect and become jogged or combine to form locks. Jog dragging increases the amount of point defects ; dipoles and prismatic loops can be created. Slip on other planes (cross-slip) occurs to overcome obstacles or locks. This will be easier at higher temperatures and perhaps explains the drop of 0 value above 400°C (Fig. 3) .
Values of p/170, 03BC/200, 03BC/300 and 03BC/550 are found for MgO [22] , NiO [2] , NaCl [27] and LiF [29] (Fig. 3) . Crystals harden rapidly as soon as they enter the C0304 phase field i.e. below 900 OC (thermal equilibrium of the equipment is reached after one to two hours) ; after annealing 8 hours between 700 OC and 800 OC, the flow stress values were never larger than those measured in the 0-600,DC range (Fig. 3) using quenched specimens ( § 2.2) .
We also performed experiments at fixed temperature (780 ± 25 OC) for two oxygen pressures i.e. air and flowing argon corresponding respectively to C0304 and CoO (Fig. 1) . Here again, CoO hardens when it enters the Co304 field ; it takes 3 h for this hardening process to be effective (Fig. 4) [33] , [34] . Hardness (Table II) which are harder in { 110 } than in { 100 } and Cu20 which is harder in { 100 }. It has been checked that the { 110 } 110 ) system is also activated when indenting { 110 } face of MgO [38] , { 111 } face of NaCl [39] and { 110 } face of Cu2O [34] .
Although CoO seems very strong in compression (Fig. 5) ; it cannot be compared to that observed in compression tests (Fig. 3) . 5 
